Introduction
Sepsis, which is a systemic inflammatory syndrome, is triggered by severe infections (1) . Infection is the most common and serious complication for the patients with a major burn (2) . Once the burn wound is infected by the bacteria, bacterium could rapidly proliferate within the damaged tissue, which leads to sepsis and septic shock (3). Previously, it was reported that 50-60% of burn patients with sepsis succumb to the condition (4) . Therefore, it is of great urgency to establish the mechanism of burn sepsis.
Previously, a study by Beffa et al (4) indicated that the interleukin 6 levels in burn mice were significantly increased by cecal ligation and puncture (CLP). However, the interleukin 6 levels did not decrease in the recovery patients following treatment with statin showing that there should be other mechanisms of sepsis in the burn patients. Additionally, high levels of interleukin 8 are correlated with increased multi-organ failure, sepsis and mortality in post-burn patients (5) . Additionally, intestinal regulatory T cell expression has been found to exert immunosuppressive effects on other intestinal T lymphocytes and be closely associated with endotoxin translocation in porcine sepsis following severe burns injuries (6) . However, the molecular mechanism of burn sepsis remains unclear.
In 2007, Banta et al (7) used moderate burn injury followed by CLP (used for producing sepsis) to construct three groups of rats: Sham Burn-Sham CLP (Sham-Sham), Sham Burn-CLP (Sham-CLP) and Burn-CLP. Subsequently, a microarray expression profile was conducted to screen the differentially expressed genes with the methods of significance analysis of microarrays and false discovery rate of 10% to investigate the contribution of gene expression to metabolic fluxes in hypermetabolic livers induced by burn injury and CLP in rats and identified that burn injury combined with CLP led to the most significant changes, while CLP alone significantly increased metabolic gene expression; however, it decreased a number of the corresponding metabolic fluxes.
The present study aimed to use the same microarray data to further screen the DEGs between Sham-CLP and Sham-Sham, Burn-CLP and Sham-Sham, as well as Burn-CLP and Sham-CLP with the limma package based on the criteria of P<0.05 and |log 2 fold change (FC)| ≥2 and collected the specific genes associated with burn sepsis. Additionally, the Identification of differentially expressed genes associated with burn sepsis using microarray (8) . Therefore, we hypothesized that certain different results may be obtained from the data of Banta et al (7) .
Materials and methods
Microarray data. The expression profile of GSE1781 deposited by Banta et al (7) Pathway enrichment analysis. The Database for Annotation, Visualization and Integrated Discovery is a collection of functional annotation tools for investigators to study the biological meaning behind a large list of genes (10) . The KEGG pathway database (http://www.genome.jp/kegg/pathway.html), which includes the functions in terms of the network of the interacting molecules, was used to perform the pathway enrichment for the DEGs (11). P<0.05 was the threshold for the pathway enrichment analysis.
Transcription factors screening. The transcriptional regulation from patterns to profiles (TRANSFAC) database (http://www. gene-regulation.com) containing the data on transcription factors, their target genes and regulatory binding sites was applied to discover the transcription factors (12) . Additionally, different transcription factors between the Sham-CLP and Burn-CLP were further analyzed.
PPI network construction. The interaction associations of the proteins were analyzed using the online tool Search Tool for the Retrieval of Interacting Genes (STRING; http://string-db.org/) (13) and the required confidence (combined score) ≥0.4 was used as the cut-off criterion. Subsequently, Cytoscape was used to visualize the network (14) . Table I . Additionally, the hierarchical cluster analysis is shown in Fig. 1 .
Co-expression analysis of DEGs in

KEGG pathway enrichment.
Compared with Sham-Sham, the upregulated DEGs, such as Cxcl14, Cxcl16 and Cxcr4, in Burn-CLP were significantly enriched in the chemokine-signaling pathway (P=0.015) ( Table II) . The downregulated DEGs, such as Acadm and Ehhadh, were significantly enriched in the PPAR signaling pathway (P=8.298x10 -4 ). Additionally, Gsta3, Gstm2 and Gstt1 in Burn-CLP were significantly enriched in glutathione metabolism (P=0.023) (Table III) . Fig. 3A) . Additionally, for the DEGs between Sham-Sham and Burn-CLP, a total of 595 pairs of PPI were obtained. In the PPI network, Esr1 had the highest degree of 31 and Ppargc1a could interact with Angptl4 (Fig. 3B) . As for the DEGs between Burn-CLP and Sham-CLP, a total of 110 pairs of PPI were obtained. In the PPI network, Pik3r1 had the highest degree of 9 (Fig. 3C) .
Co-expression analysis.
A total of 413 pairs of co-expression associations, including 105 genes, were obtained (Fig. 4) . Among these genes, Cyp3a9 could be co-expressed with 13 genes (such as Atp1b1 and Ell2). In addition, Ehhadh could be co-expressed with Aldh3a2, Aqp8 and Bdh1.
Discussion
In the present study, 682 DEGs were screened in Burn-CLP compared with Sham-Sham. The downregulated DEGs, such as Acadm and Ehhadh, were significantly enriched in PPAR signaling pathway. Additionally, in the PPI network, Acadm could interact with Ehhadh. A former study identified that the inhibition of PPARγ could possibly act as protection against T-cell death, which improved the defense mechanisms during systemic inflammation and sepsis (15) . Apart from the aforementioned function, PPARγ could also be involved in the regulation of the mitochondrial dysfunction with tumor necrosis factor α (16) . A study by Singer (17) illustrated that mitochondrial dysfunction could give rise to sepsis. As for the DEGs enriched in this pathway, Acadm, a member of the acyl-CoA dehydrogenase (ACAD) family, has been found to be involved in the metabolism of medium-chain fatty acids (18) . In addition, Ehhadh has also been proven to be an indispensable element for the production of medium-chain dicarboxylic acids (19) . In 2013, Hecker et al (20) obtained the conclusion that medium-chain fatty acids could serve as energy for the mitochondrial respiratory capacity and inflammatory conditions in sepsis. Therefore, we hypothesized that the interaction of Acadm and Ehhadh could be associated with sepsis by modulating the mitochondrial function through the PPAR signaling pathway. Furthermore, the gene co-expression analysis showed that Ehhadh could be co-expressed with Aqp8. Aqp8 is a water channel protein on the inner mitochondrial membrane (21) . The upregulation of Aqp8 has been found to protect the mitochondria from damage in sepsis, which could lead to the loss of energy (22) . Additionally, it has been discovered that Aqp8 was involved in H 2 O 2 release and decrease of reactive oxygen species (ROS) production, which could damage the cells and antioxidant defense system and thus lead to sepsis (23, 24) . Ehhadh has been found to be involved in mitochondrial fatty acid β-oxidation (25) . Therefore, we hypothesized that the co-expression of Ehhadh and Aqp8 could be associated with sepsis by regulating the mitochondrial function.
Sham-CLP ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Furthermore, compared with Sham-Sham, the downregulated DEGs, Gsta3, Gstm2 and Gstt1, in Burn-CLP were significantly enriched in glutathione metabolism. The PPI network showed that interactions existed among these three proteins. Previous studies have shown that improved outcomes in animal models of sepsis were obtained by utilizing mitochondrial-targeted antioxidants (26, 27) . Glutathione could protect the mitochondria from dysfunction by the detoxification of hydrogen peroxide in sepsis (28) . Gsta3, Gstm2 and Gstt1 encode the glutathione S-transferase α3, glutathione S-transferase µ2 and glutathione S-transferase θ1, respectively. Glutathione S-transferases are well known for removing endogenous toxic compounds through glutathionylation of DEGs, differentially expressed genes; CLP, cecum ligation and puncture.
diverse electrophilic substrates and act as antioxidants against ROS (29) . Accordingly, we hypothesized that Gsta3, Gstm2 and Gstt1 may be involved in sepsis through the pathway of glutathione metabolism. In the present study, Ppargc1a, which was upregulated in Burn-CLP compared with Sham-Sham, was screened as a transcription factor. However, in Sham-CLP, it was not differentially expressed, suggesting that Ppargc1a could be associated with burn. AMPK-Ppargc1a possibly contributes to autophagy activation leading to an antimicrobial response, which is a novel host defense mechanism (30) . In the PPI network, Ppargc1a could interact with Angptl4. Additionally, Angptl4 was significantly enriched in the PPAR signaling pathway. Angptl4 has been demonstrated to be involved with lipid metabolism, and the disorder of lipid metabolism is a vital issue in septic patients, particularly high-density lipoprotein, which protects against polymicrobe-induced sepsis in mice (31, 32) . Consequently, we hypothesized that the interaction of Angptl4 and Ppargc1a may be associated with sepsis through the PPAR signaling pathway.
In conclusion, Acadm, Ehhadh, Aqp8, Gsta3, Gstm2, Gstt1, Ppargc1a and Angptl4 may be potential target genes for the treatment of burn sepsis. However, further studies are required to establish their mechanisms of action in burn sepsis.
